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(57) ABSTRACT 
A single ended sense amplifier senses whether or not a 
memory cell in an array conducts current from a bit line 
conductor to which the sense amplifier is connected. A 
first stage of the sense amplifier includes a number of 
separately biased transistors which establish a lower 
voltage level at a node when the cell conducts current 
than the higher voltage level at the node when the cell 
does not conduct current. A second stage of the sensed 
amplifier includes transistors connected in an inverting 
arrangement to receive the signal from the node and 
supply an output signal at an output terminal in response 
thereto. An equalizing transistor is selectively con 
nected between the node and the output terminal and 
establishes a high gain bias point voltage at the node 
when conductive. The high gain bias point in intermedi 
ate the higher and lower voltages established at the 
node by the first stage. As soon as the equalizing transis 
tor becomes nonconductive, the second stage is immedi 
ately driven to the correct output signal level by the 
voltage at the node from the first stage. A precharge 
transistor is conneced to the bit line to raise the voltage 
on it to a predetermined high level, thereafter allowing 
the voltage to decay before sensing the logical state of 
the cell. Precharging the bit line avoids the uncertain 
ties associated with charging the bit line capacitance. 

14 Claims, 2 Drawing Sheets 
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1. 

SINGLE ENDED SENSE AMPLIFEER WITH 
IMPROVED DATA RECALL FORVARIABLE BIT 

LINE CURRENT 

This invention relates to sense amplifiers, which are 
used to amplify a signal supplied from a memory cell in 
a semiconductor memory array. More particularly, the 
present invention relates to improvements in a single 
ended sense amplifier which improve the data recall 
capability and decrease the cell access time, while 
avoiding many of the detrimental influences of substan 
tial variations in bit line current. 

BACKGROUND OF THE INVENTION 

The typical semiconductor memory array comprises 
many hundreds or thousands of individual memory cells 
arranged in a orthogonal pattern of columns and rows 
on a chip. A bit line conductor connects all of the cells 
in each column and conducts signals to the cells in the 
column for the purpose of writing data to a cell or 
conducts signals from the cells in the column to read 
data from a cell. A word line conductor connects all of 
the cells in a horizontal row of the array and conducts 
a signal to altivate the cells in the row. When it is de 
sired to access a particular cell for a data read or a data 
write operation, the cells in the horizontal row which 
include the particular cell are activated by a signal on 
the word line conductor, and a signal is applied to or 
read from a bit line conductor of the column which 
includes the particular cell. Thus, only the particular 
cell at the intersection of the word and bit lines is 
thereby accessed. 
When a data read operation occurs, a sense amplifier 

is connected to each bit line in the column which in 
cludes the particular accessed cell. The accessed cell 
supplies a relatively low level signal indicative of the 
logical state of the cell, and the sense amplifier amplifies 
the signal to a more reliable level useable by other ele 
ments on the memory. When a data write operation 
occurs signals are applied to the bit line conductors in 
order to set the logical state of the particular accessed 
cell. 
The memory cells are usually one of two common 

types. One common type of memory cell, typified by a 
static random access memory (SRAM) cell, provides a 
pair of output signals at complementary logic levels. 
Two bit line conductors are therefore connected to 
each cell in each column, and the complementary out 
put signals are applied to the two bit line conductors. 
The relative difference between the two complemen 
tary bit line signals is usually relatively small, for exam 
ple 0.3 volts. The relative levels of the two signals rep 
resents the logical state of the cell. A differential sense 
amplifier receives both complementary bit line signals 
at its input terminals, senses the relationship between 
the two complementary signals and amplifies this rela 
tively small differential signal to a level representative 
of the logical state of the cell, or to a level which is 
easily further amplified to a level representative of the 
logical state of the cell. 
The other common type of memory cell, typified by 

an electrically erasable and programmable read only 
memory (EEPROM) cell, provides only a single output 
signal on a single bit line. The logical state of the cell is 
represented by whether the cell conducts current when 
it is accessed, indicating one logical state, or whether 
the cell will not conduct current when it is accessed, 
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indicating the other logical state. The sense amplifier, 
which is single ended in this situation because it receives 
only a single input current signal from the single bit line, 
senses whether the cell absorbs current or not when it is 
accessed, and supplies an output signal of an amplified 
level representative of the logical state of the cell. 
Many EEPROM cells employ a non-volatile device 

to retain the logical state of the cell when the power is 
removed from the array. The non-volatile device of the 
cell controls whether or not current is conducted by the 
cell in the logical states. The non-volatile device used in 
some memory cells is a silicon nitride oxide semicon 
ductor (SNOS) transistor. A memory nitride layer of 
the SNOS transistor holds a charge to provide the non 
volatile characteristic of the SNOS transistor. The two 
logical states of the cell are represented by whether the 
memory nitride layer of the SNOS transistor is charged 
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with a negative electrical change or a positive electrical 
charge. These two states of the SNOS transistor are 
commonly referred to as the programmed and erased 
states, and these two transistor states establish the logi 
cal states of the cell. 
The current conductivity characteristics of a SNOS 

transistor are considerably different in the programmed 
and erased states. For example, the amount of current 
conducted at the beginning of life of the SNOS transis 
tor may be about 100 microamperes in one state and 
almost nothing in the other state. Over time, however, 
the ability of the memory nitride layer to retain the 
charge diminishes, due to natural life time deterioration. 
The amount of current which the SNOS transistor is 
capable of conducting in one state at the beginning of its 
life, may be up to ten times greater than that current it 
is capable of conducting in the same state at the end of 
its life. At the end of the expected life of the SNOS 
transistor, the memory nitride layer is incapable of hold 
ing a sufficient charge to modify the conduction charac 
teristics of the transistor sufficiently enough to enable 
the sense amplifier to reliably distinguish the two logi 
cal states of the cell. 

If the sense amplifier cannot reliably sense a differ 
ence in current between the two logical states of the cell 
(no current being conducted, and a small current being 
conducted), data from the cell can no longer be reliably 
recalled and the cell has reached the end of its useful 
lifetime. The utility of a non-volatile memory which 
employs SNOS or similar devices whose output current 
degrade with time, is influenced by its ability to reliably 
recall the correct data state under end of life conditions. 
Similarly, any type of memory cell that is subject to 
variable output currents is subject to many of the same 
problems and concerns as are applicable memory cells 
employing SNOS transistors. It is therefore desireable 
to extend the ability of the memory array to successfully 
recall data for as long as possible in the case of degrad 
ing devices such as SNOS transistors and under circum 
stances where there are potentially significant varia 
tions in the output or bit line current from the cell for 
reasons other than those associated with SNOS transis 
tors. 

The length of the bit lines in a memory array may be 
significant, since the bit lines connect hundreds or thou 
sands of cells in each column. The bit line capacitance 
increases with its length. Large bit line capacitance 
makes sensing the bit line current more difficult, be 
cause the bit line draws current to charge its capaci 
tance and modifies the amount of current sensed by the 
sense amplifier. The bit line capacitance makes it more 
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difficult to reliably sense whether the cell is conducting 
Current Or Ot. 

The settling time or time delay required to allow the 
bit line capacitance to charge or discharge before an 
accurate signal level representative of the logical state 
of the cell is available, increases the access time associ 
ated with the memory. The access time is that total 
amount of time required after the memory address sig 
nals are applied, for accessing a particular cell before 
the signal representative of the logical state of the cell is 
reliably presented. With most modern computer sys 
tems, increased access times are undesirable because 
they delay the data processing functions. 

It is against this abbreviated summary of consider 
ations that the present invention of improvements in 
single ended sense amplifiers has evolved. 

SUMMARY OF THE INVENTION 

The single ended sense amplifier of the present inven 
tion offers the capability of successfully recalling the 
logical state of a single bit line memory cell, by substan 
tially avoiding the adverse charging effects of bit line 
capacitance, and without substantial regard for the rela 
tively significant variations in bit line current conducted 
by a memory cell. 

In accordance with one of its major aspects, the sense 
amplifier utilizes first and second stage amplifying 
means. The first stage amplifying means, which is pref 
erably formed by a series of cascode connected transis 
tors, is connected to the bit line conductor which con 
nects the sense amplifier to a memory cell. A first bias 
signal at a predetermined level is established at a node 
when the memory cell conducts current from the bit 
line conductor, and a second bias signal at a different 
predetermined level is established at the node when the 
memory cell does not conduct current from the bit line 
conductor. The second stage amplifying means, which 
is preferably formed by a pair of inverting connected 
transistors, is connected to the node and supplies an 
output signal at an output terminal of the sense ampli 
fier. The output signal is related to the logical state of 
the cell as represented by the predetermined levels of 
the first and second bias signals. The second stage am 
plifying means has a high gain bias point at which a 
relatively small change in the signal at the node causes 
a substantially larger change in the output signal. An 
equalization means, preferably a transistor, is connected 
between the node and the output terminal to selectively 
connect the node and the output terminal and to estab 
lish the high gain bias point. The high gain bias point is 
between the predetermined levels of the first and sec 
ond bias signals, and immediately after the equalization 
means operatively disconnects the node and the output 
terminal after the high gain point has been established, 
the predetermined level of the first or second bias signal 
drives the second stage amplifying means to provide the 
related output signal without spurious transitions. 
According to another one of its major aspects, the 

sense amplifier includes a precharge means connected 
to the bit line conductor and operative for raising the 
voltage on the bit line conductor to a predetermined 
level, and thereafter releasing the bit line conductor to 
allow it to decay. The voltage is sensed on the bit line 
conductor at a predetermined time when the precharge 
means releases the bit line conductor. By sensing the 
voltage on the bit line conductor after it has been pre 
charged and has started to decay, the effects of charging 
the bit line capacitance and the variability in the current 
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4. 
conducted by the cell are lessened. The first and second 
stage amplifying means are sensitive enough to detect 
the logical state of the cell from the decay in the bit line 
voltage, even over the lifetime of a variable current 
transistor such as a SNOS transistor. At the beginning 
of life a SNOS transistor draws more current which 
makes the bit line conductor decay more quickly and 
further enhances the ability of the sense amplifier to 
detect the correct logical state of the cell. 
A more complete understanding and appreciation of 

the present invention can be obtained by reference to 
the accompanying drawings, which are briefly de 
scribed below, from the following detailed description 
of a presently preferred embodiment, and from the 
appended claims. 

BRIEF SUMMARY OF THE DRAWINGS 

FIG. 1 is a schematic diagram of the presently pre 
ferred embodiment of the single ended sense amplifier 
of the present invention, connected to a bit line conduc 
tor and a single memory cell shown as a block diagram. 
FIGS. 2, 3, 4, 5 and 6 are waveform diagrams shown 

on a common time axis, illustrating signals at various 
points within the sense amplifier shown in FIG. 1, dur 
ing a sensing cycle of the memory cell, and signals in 
various levels during a previous sensing cycle. 

DETAILED DESCRIPTION 

A presently preferred form of the single ended sense 
amplifier 20 which embodies the present invention is 
shown in FIG. 1. The sense amplifier 20 is connected by 
a bit line conductor 22 to a memory cell 24. The mem 
ory cell 24 is of the type providing only a single output 
signal on the bit line conductor 22. The logical state (a 
"1" or a 'O') of the memory cell 24 is represented by its 
ability to conduct current from the bit line conductor 
22, or an inability to conduct current from the bit line 
conductor 22. The two logical states may in actuality be 
represented by a substantially greater ability to conduct 
current and a substantially reduced capability to con 
duct current, and are referred to below as a conductive 
logical state and a nonconductive logical state, respec 
tively. The sense amplifier is shown implemented in 
FIG. 1 in complementary, enhancement mode, field 
effect transistors, but other implementation techniques 
may be employed, as is appreciated. 
The cell 24 may include, but is not necessarily re 

quired to include, a non-volatile device which estab 
lishes an electrical characteristic representative of the 
logical state of the cell. One typical non-volatile device 
is a conventional SNOS transistor. In one state, nega 
tive charge is stored or programmed in the memory 
nitride layer of the SNOS transistor, and in the other 
state, positive charge is stored (erasure of negative 
charge) in the memory nitride layer. In one state the 
SNOS transistor will conduct current from the bit line 
conductor 22 and in the other state the SNOS transistor 
will not conduct current from the bit line conductor, 
thereby establishing the current conductive and non 
conductive logical states of the cell. 
The amount of current conducted by the SNOS tran 

sistor of the cell 24 varies in accordance with the 
amount of charge stored in the memory nitride layer. 
The memory nitride layer stores a greater amount of 
charge at the beginning of life of the SNOS transistor 
than at the end of its life, due to the leakage of charge 
out of the memory nitride layer over time. Therefore at 
the beginning of life, a greater amount of current will be 
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conducted by the cell in its conductive logical state than 
at the end of life. The small amount of current drawn by 
the cell in the nonconductive logical state is approxi 
mately the same both at the beginning and at the end of 
life. 
The difficulties in accurately sensing variable bit line 

current are substantially reduced by the use of a bit line 
precharge means such as a precharge transistor 26. The 
bit line conductor 22 is charged to a predetermined high 
voltage level at the beginning of each individual cell 
sensing cycle by the precharge transistor 26. The con 
ductivity of the precharge transistor 26 is controlled by 
a precharge control signal (FIG. 2) applied at 28 to the 
gate terminal of the transistor 26, by conventional 
means not shown. The precharge control signal 28 
(FIG. 2) is a pulse which goes low at the beginning of 
the sensing cycle, causing transistor 26 to charge the bit 
line conductor 22 to approximately the voltage level of 
a positive power source 30 (Vcc). After a predeter 
mined time during which the voltage or signal 31 (FIG. 
3) on the bit line conductor 22 reaches the level of the 
source 30, the precharge control signal 28 returns to 
high level, thereby terminating the conduction of tran 
sistor 26. The bit line conductor 22 is then free to decay 
to a level indicative of the logical state of the all. 

Regardless of whether the bit line conductor had 
previously been at a high level or at a low level (repre 
sented by the two levels shown in the previous cycle 
portion of FIG. 3), the bit line conductor 22 reaches the 
level of the positive power supply prior to the termina 
tion of the precharge control pulse. Thereafter the volt 
age on the bit line conductor starts to decay. If the cell 
is in the nonconductive logical state, the amount of 
decay is relatively small as shown by the segment 31a. 
If the cell is in the conductive logical state, the amount 
of decay is relatively greater as shown by the two seg 
ments 31b and 31c. The segment 31b illustrates the end 
of life condition where the SNOS transistor draws less 
current, and the amount of voltage decay on the bit line 
conductor is less. The segment 31c illustrates the begin 
ning of life condition where more current is drawn by 
the SNOS transistor, and the amount of voltage decay 
on the bit line conductor is greater. 

In either the beginning of life or the end of life condi 
tions of an SNOS transistor, or under other conditions 
of significant variability in the bit line current, the bit 
line conductor decay characteristics are predictable 
enough after the bit line conductor has been pre 
charged, to reliably distinguish between the conductive 
and nonconductive logical states of the cell. Precharg 
ing the bit line conductor also has the effect of substan 
tially reducing the variable current effects of the bit line 
capacitance, thereby increasing the reliability in sensing 
of the logical state of the cell. 
A first amplification stage of the sense amplifier 20 is 

achieved by transistors 32, 34, 36 and 38. The transistors 
32, 34, 36 and 38 have their sources and drains con 
nected in series in a cascode configuration between the 
positive power source 30 (Vcc) and a reference or nega 
tive power source 40 (Vss). The bit line conductor 22 is 
connected to the junction of the source and drain of 
transistors 32 and 34 respectively. The gate of transistor 
32 is connected to the negative power source 40 to limit 
the voltage on the bit line conductor 22. The size of 
transistor 32 as implemented in silicon sets the amount 
of current it supplies. 
When the cell 24 is in the nonconductive logical state, 

the transistor 32 supplies a predetermined amount of 
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6 
current to the transistors 34, 36 and 38, and very little or 
no current to the bit line conductor 22. The predeter 
mined amount of current conducted by the transistor 32 
is approximately the same amount of current which the 
cell 24 will conduct in the conductive logical state 
when a SNOS transistor of the cell nears end of life. 
Establishing the current from transistor 32 at this level 
causes even the current conducted by the cell 24 in the 
conductive logical state to be significant relative to the 
current supplied by transistor 32, thereby making detec 
tion of the conductive logical state more reliably ac 
complished. 

Transistor 38 has its gate terminal connected to its 
drain, to limit the current through transistor 36 and to 
allow transistor 36 to be of reasonable size. The prede 
termined amount of constant current conducted by the 
transistor 38 is established by its size as implemented in 
silicon, and that predetermined constant current is ap 
proximately one-half the amount of current conducted 
by the transistor 32 when the cell is in the nonconduc 
tive logical state. 

Transistors 34 and 36 receive separate and different 
reference bias signals at their gate terminals 42 and 44, 
respectively. The reference signals at terminals 42 and 
44 are supplied by conventional voltage sources (not 
shown), and the magnitudes of these signals are selected 
to bias the transistors 34 and 36 to achieve the function 
ality described below. 
The magnitude of the reference signal at 42 is selected 

to be at least one threshold voltage below the normal 
operating voltage present at the bit line conductor 22. 
The normal voltage on the bit line conductor is estab 
lished by the transistor 32 when the precharge transistor 
26 and the cell 24 are nonconductive. Arranging the 
reference signal at 42 at least one threshold below the 
normal bit line level causes transistor 34 to be normally 
conductive when the cell 24 is in the nonconductive 
logical state and causes transistor 34 to become substan 
tially nonconductive when the cell 24 is in the conduc 
tive logical state. In the conductive logical state, the 
voltage on the bit line conductor 22 drops due to the 
diversion of current from the transistor 32 through the 
bit line conductor 22 to the current conducting cell. 
The source to gate voltage of transistor 34 drops below 
the one threshold level, and the transistor 34 becomes 
substantially less conductive or nonconductive. When 
the cell 24 is in the nonconductive logical state, the 
voltage on the bit line conductor 22 does not drop sub 
stantially because no current is diverted from the tran 
sistor 32 to the cell 24. The gate to source voltage on 
transistor 34 remains at or above the one threshold 
level, and the transistor 34 maintains its conductivity. 
Thus, the transistor 34 changes from a conductive state 
to a nonconductive state when the current is drawn 
through the bit line conductor 22. 
The reference bias voltage at terminal 44 is selected 

to bias transistor 36 to maintain a constant current over 
a wide range of voltages at node 46. One of two prede 
termined levels of voltage will be established at node 46 
by the first stage transistors. A higher one of the two 
predetermined voltage levels at node 46 is maintained 
by the transistor 36 when the bit line conductor 22 does 
not conduct current to the cell 24 and the transistor 34 
is conductive as explained above. A lower one of the 
two predetermined levels at node 46 is maintained by 
the transistor 36 when the bit line conductor 22 does 
conduct current to the cell and the transistor 34 is non 
conductive as explained above. The significance of the 
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two levels of predetermined voltage at node 46 is under 
stood in relation to the second amplifying stage of the 
sense amplifier 20, which includes transistors 48, 50 and 
52. 

Transistors 48 and 52 have their gate terminals com- 5 
monly connected at the node 46. The output terminal of 
the sense amplifier 20, node 56, is located at the com 
mon junction of the sources of transistors 48 and 52. 
The output node 56 is selectively connected to the input 
terminals of transistors 48 and 52, node 46, through an 10 
equalizing means, preferably the transistor 50. An 
equalization control signal or pulse (FIG. 4) is applied 
at 58 to the gate terminal of transistor 50 to control the 
conductivity of the transistor 50. When the transistor 50 
is conductive during the time that the equalization con- 15 
trol pulse 58 is high as shown in FIG. 4, the nodes 46 
and 56 are essentially connected or shorted together. 
When the transistor 50 is nonconductive after the equal 
ization control pulse 58 returns to a low level (FIG. 4), 
the nodes 46 and 56 are disconnected and free to reach 20 
their own different levels. With the exception of transis 
tor 50, the transistors 48 and 52 are connected in a typi 
cal inverting configuration. 
As is recognized for the inverting amplifier created 

by transistors 48 and 52, t're shorted connection of the 25 
input and output terminals causes the transistors 48 and 
52 to assume a high gain point. The high gain point is 
that point on the transfer characteristic of the inverting 
connected transistors where the output signal is in an 
intermediate state between a high signal and a low sig- 30 
nal, but where a very small change in the input signal 
will cause an immediate change of the output signal to 
a high or a low state. By selectively shorting the output 
terminal 56 to the input terminal 46 with the equaliza 
tion transistor 50, the high gain point of transistors 48 35 
and 52 is established, and a high gain point bias level at 
node 46 is established. The high gain bias level at node 
46 is between the two predetermined bias levels created 
at node 46 by the first stage transistors 32, 34, 36 and 38 
when the cell is in the conductive and nonconductive 40 
logical states, as is shown in FIG. 5. 
When the equalization transistor 50 is conductive, the 

high gain bias level voltage established by the equaliza 
tion transistor 50 at node 46 predominates over the bias 
voltage which would otherwise be established at the 45 
node 46 by the first stage transistors. Upon the equaliza 
tion control signal pulse 58 returning to a low level 
(FIG. 4) and the equalization transistor 50 ceases con 
ducting, and the voltage at node 46 assumes one of the 
two bias levels established by the first stage transistors 50 
(FIG. 5). If the cell 24 is in the nonconductive logical 
state, the voltage at node 46 assumes a somewhat higher 
level than the high gain point bias voltage established 
when the equalization transistor is conductive. The 
elevated voltage level at node 46 under these conditions 55 
decreases the conductivity of transistor 48 and increases 
the conductivity of transistor 52, thereby driving low 
the output signal at node 56, as is shown in FIG. 6. If the 
cell 24 is drawing current in the conductive logical 
state, the voltage level established at node 46 is some- 60 
what below the high gain point bias voltage established 
when the equalization transistor 50 is conductive. The 
lower voltage level at node 46 under these conditions 
increases the conductivity of transistor 48 and decreases 
the conductivity of transistor 52, thereby driving high 65 
the output signal at node 56, as is also shown in FIG. 6. 
The sensitivity of the transistors 48 and 52 allows 

relatively small changes in voltage at node 46 to cause 

8 
relatively large and rapid changes in the level of the 
output signal at node 56. Adjusting the reference bias 
voltages of transistors 34 and 36 so they provide levels 
at node 46 which are somewhat above and somewhat 
below the high gain bias point, in the nonconductive 
and the conductive logical states of the cell 24 respec 
tively, assures that the output signal at node 56 changes 
states very rapidly. Accordingly, the output signal at 
node 56 very quickly achieves an amplified level which 
is representative of the logical state of the cell 24, 
thereby improving the access time for reading data 
from the cell 24. 
By precharging the bit line conductor, and sensing its 

condition a predetermined time after the bit line con 
ductor starts decaying (represented by the time delay 
between the termination of the precharge signal pulse 
28 shown in FIG. 2 and the termination of the equaliza 
tion control pulse 58 shown in FIG. 4), the delay and 
uncertainty caused by charging the bit line capacitance 
is avoided. The variable affects of reduced current from 
a SNOS transistor of the cell 24 or from other causes is 
also avoided, by sensing the bit line current after it has 
started to decay after having first been precharged, and 
by essentially matching the normal current through the 
transistors 32, 34, 36 and 38 to the end of life current 
conducted by the SNOS transistor. Since the beginning 
of life current is much greater, the voltage level on the 
bit line conductor 22 drops earlier in the sensing cycle 
than at the end of life. However, in both the beginning 
of life or the end of life cases, or in other situations 
where there is significant variability in the bit line cur 
rent, the voltage drops a sufficient level on the bit line 
conductor 22 so the logical state of the cell 24 can be 
reliably sensed. Lastly, by precharging the bit line con 
ductor, equalizing the input and output signals of tran 
sistors 48 and 52 to the high gain bias point, and thereaf 
ter releasing the equalization so that the first stage tran 
sistors establish the input signal to the second stage 
transistors, the problem of transient or indeterminate 
output signals appearing at node 56 prior to achieving 
the correct output level corresponding to the logical 
state of the cell 24 is avoided. A decrease in access time 
is also achieved because a time delay is not required to 
allow the transient condition to dissipate before the 
correct signal is presented from the sense amplifier 20. 
A presently preferred embodiment of the single 

ended sense amplifier of the present invention, and a 
number of its improvements, have been described with 
a degree of particularity. It should be understood, how 
ever, that this description has been made by way of 
preferred example, and that the invention itself is de 
fined by the scope of the appended claims. 
The invention claimed is: 
1. A single ended sense amplifier connected to a bit 

line conductor of a memory array of the type having a 
plurality of memory cells which each represent a first 
logical state by conducting current from the bit line 
conductor and a second logical state by not conducting 
current from the bit line conductor, comprising: 

first stage amplifying means connected to the bit line 
conductor and operative for establishing a first bias 
signal at a predetermined level at a node when the 
memory cell conducts current in one logical state 
and for establishing a second bias signal at a differ 
ent predetermined level at the node when the mem 
ory cell does not conduct current from the bit line 
conductor in the other logical state; and 
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second stage amplifying means connected to the node 
and operative in response to the first and second 
bias signals to supply an output signal at an output 
terminal of the sense amplifier which has two pre 
determined levels which relate in a predetermined 
manner to the predetermined levels of the first and 
second bias signals at the node, 

said second stage amplifying means having a high 
gain bias point at which a relatively small change in 
the signal at the node causes the output signal to 
change between the two predetermined levels, the 
high gain bias point being intermediate the prede 
termined levels of the first and second bias signals 
at the node, and 

said second stage amplifying means comprising an 

O 

15 

equalizing means for selectively connecting the . 
node and the output terminal to establish the high 
gain bias point at the node and to override the first 
or second bias signal at the node and for thereafter 
selectively disconnecting the node and the output 
terminal to allow the predetermined level of the 
first or second bias signal to drive the second am 
plifying means to supply the output signal related 
to the first or second bias signal. 

2. A sense amplifier as defined in claim 1 wherein the 
first amplifying means comprises: 

current supplying means connected to the bit line 
conductor for supplying a predetermined supply 
current; and 

means connected to the bit line conductor and the 
node and receptive of the predetermined supply 
current and operative in response to a voltage on 
the bit line conductor established by the cell con 
ducting current from the current supplying means 
in the first logical state for creating the first bias 
signal at the node and also operative in response to 
the voltage on the bit line conductor established by 
the cell not conducting current from the current 
supplying means in the second logical state for 
creating the second bias signal at the node, the first 
bias signal having a predetermined level which is 
less than the predetermined level of the second bias 
signal. 

3. A sense amplifier as defined in claim 2 wherein said 
means for creating the first and second bias signals fur 
ther comprises: 

a first transistor connected between the bit line con 
ductor and the node and biased to conduct current 
from the current supplying means and to establish 
the second bias signal on the node when the volt 
age on the bit line conductor remains high due to 
the cell not conducting current in the second logi 
cal state and biased to not conduct current from the 
current supplying means when the voltage on the 
bit line conductor decreases due to the cell con 
ducting current in the first logical state; and 

a second transistor connected to the node and biased 
to conduct current from the node and to establish 
the first bias signal at the node when the first tran 
sistor is not conducting. 

4. A sense amplifier as defined in claim 3 further 
comprising: 

a constant current supplying means connected be 
tween the second transistor and a reference poten 
tial. 

5. A sense amplifier as defined in claim 2 wherein the 
second amplifying means comprises: 
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10 
a pair of transistors having common terminals con 

nected together at the output terminal and their 
input terminals commonly connected at the node; 
and wherein: 

said equalizing means comprises an equalizing transis 
tor connected between the output terminal and the 
node and selectively controlled to establish essen 
tially the same high gain bias point signal on the 
node and the output terminal when conductive. 

6. A single ended sense amplifier connected to a bit 
line conductor of a memory array of the type having a 
plurality of memory cells which each represent a first 
logical state by conducting current from the bit line 
conductor and a second logical state by not conducting 
current from the bit line conductor, comprising: 

first stage amplifying means connected to the bit line 
conductor and operative for establishing a first bias 
signal at a predetermined level at a node when the 
memory cell conducts current in one logical state 
and for establishing a second bias signal at a differ 
ent predetermined level at the mode when the 
memory cell does not conduct current from the bit 
line conductor in the other logical state; 

second stage amplifying means connected to the node 
and operative in response to the first and second 
bias signals to supply an output signal at an output 
terminal of the sense amplifier which has two pre 
determined levels which relate in a predetermined 
manner to the predetermined levels of the first and 
second bias signals at the node, 

said second stage amplifying means having a high 
gain bias point at which a relatively small change in 
the signal at the node causes the output signal to 
change between the two predetermined levels, the 
high gain bias point being intermediate the prede 
termined levels of the first and second bias signals 
at the node, and 

said second stage amplifying means comprising an 
equalizing means for selectively connecting the 
node and the output terminal to establish the high 
gain bias point at the node and to override the first 
or second bias signal at the node and for thereafter 
selectively disconnecting the node and the output 
terminal to allow the predetermined level of the 
first or second bias signal to drive the second am 
plifying means to supply the output signal related 
to the first or second bias signal; and 

precharge means connected to the bit line conductor 
and operative for raising the voltage on the bit line 
conductor to a predetermined level before said 
equalizing means disconnects the node and the 
output terminal to establish the output signal. 

7. A sense amplifier as defined in claim 6 wherein: 
the precharge means applies a voltage of a predeter 
mined level to the bit line conductor for a predeter 
mined time and thereafter ceases applying the volt 
age to the bit line conductor to allow the bit line 
conductor to start to decay to a level representa 
tive of the logical state of the cell; and 

the equalizing means the precharge means become 
operative at approximately the same time and the 
equalizing means disconnects the node and the 
output terminal a predetermined delay time after 
the precharge means has ceased applying the pre 
determined voltage to the bit line conductor. 

8. A sense amplifier as defined in claim 7 wherein: 
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the predetermined delay time is sufficient to allow the 
voltage on the bit line conductor to decay to a level 
representative of the logical state of the cell. 

9. A sense amplifier as defined in claim 8 wherein the 
memory cell includes a SNOS device which draws 5 
current from the bit line conductor to establish one 
logical state of the cell, and the amount of current 
drawn by the SNOS device diminishes over time, and 
wherein: 

the predetermined time delay is sufficient to allow the 10 
voltage on the bit line conductor to decay to a level 
which the first amplifying means responds by cre 
ating sufficiently different first and second bias 
signals to allow the second amplifying means to 
create the output signal even when the SNOS de 
vice nears its end of life. 

10. A single ended sense amplifier connected to a bit 
line conductor of a memory array of the type having a 
plurality of memory cells which each represent a first 
logical state by conducting current from the bit line 
conductor and a second logical state by not conducting 
current from the bit line conductor, comprising: 
precharge means connected to the bit line conductor 
and operative for raising the voltage on the bit line 
conductor to a predetermined level and thereafter 
releasing the bit line conductor to decay to a volt 
age level determined by whether the cell is con 
ducting current or not and representative of the 
logical state of the cell; and 

amplifying means connected to the bit line conductor 
and including means operative after the precharge 
means has released the bit line conductor for devel 
oping a bias signal at a node which represents the 
extent to which the voltage on the bit line conduc 
tor has decayed, an output terminal upon which to 
supply an output signal, and equalizing means for 
selectively connecting and disconnecting the node 
and the output terminal, the amplifying means hav 
ing a high gain point at which a relatively small 
change in the signal at the node causes the output 
signal to change to a relatively greater extent, the 
high gain point existing when the node and the 
output terminal are connected together, the con 
nection of the node and the output terminal by the 
equalizing means establishing the high gain point at 
node and overriding the bias signal at the node, the 
disconnection of the node and output terminal at a 
predetermined delay time after the precharge 
means has released the bit line conductor allowing 
the bias signal at the node to cause the amplifying 50 
means to supply an output signal representative of 
the logical state of the cell as determined by the 
extent to which the voltage on the bit line conduc 
tor has decayed. 

11. A sense amplifier as defined in claim 10 wherein: 
the predetermined delay time is sufficient to allow the 

voltage on the bit line conductor to decay to a level 
representative of the logical state of the cell. 

12. A single ended sense amplifier connected to a bit 
line conductor of a memory array of the type having a 
plurality of memory cells which each represent a first 
logical state by conducting current from the bit line 
conductor and a second logical state by not conducting 
current from the bit line conductor, each memory cell 
including a SNOS device which draws current from the 65 
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bit line conductor to establish at least one logical state 
of the cell, the amount of current drawn by the SNOS 
device diminishing over time, said sense amplifier com 
prising: 

precharge means connected to the bit line conductor 
and operative for raising the voltage on the bit line 
conductor to a predetermined level and thereafter 
releasing the bit line conductor to assume a voltage 
level determined by whether the cell is conducting 
current or not and representative of the logical 
state of the cell; and 

amplifying means connected to the bit line conductor 
and operative a predetermined delay time after the 
precharge means has released the bit line conduc 
tor for sensing the extent to which the voltage on 
the bit line conductor has decayed and to supply an 
output signal representative of the logical state of 
the cell as determined by the extent to which the 
voltage on the bit line conductor has decayed, the 
predetermined delay time being sufficient to allow 
the voltage on the bit line conductor to decay to a 
level representative of the logical state of the cell 
and sufficient to allow the voltage on the bit line 
conductor to decay to levels which are sufficiently 
different in the two logical states even when the 
SNOS device nears its end of life. 

13. A sense amplifier as defined in claim 12 wherein 
said amplifying means comprises: 

first stage amplifying means connected to the bit line 
conductor and operative for establishing a first bias 
signal at a predetermined level at a node when the 
memory cell conducts current in one logical state 
and for establishing a second bias signal at a differ 
ent predetermined level at the node when the mem. 
ory cell does not conduct current from the bit line 
conductor in the other logical state; and 

second stage amplifying means connected to the node 
and operative in response to the first and second 
bias signals to supply the output signal at an output 
terminal of the sense amplifier which has two pre 
determined levels which relate in a predetermined 
manner to the predetermined levels of the first and 
Second signals at the node. 

14. A sense amplifier as defined in claim 13 wherein: 
said second stage amplifying means has a high gain 

bias point at which a relatively small change in the 
signal at the node causes the output signal to 
change between the two predetermined levels, the 
high gain bias point being intermediate the prede 
termined levels of the first and second bias signals 
at the node; and 

said second stage amplifying means comprising an 
equalizing means for selectively connecting the 
node and the output terminal to establish the high 
gain bias point at the node and to override the first 
or second bias signal at the node and for thereafter 
selectively disconnecting the node and the output 
terminal to allow the predetermined level of the 
first or second bias signal established by the first 
amplifying means at the node to drive the second 
amplifying means to supply the output signal re 
lated to the first or second bias signal present at the 
node. 

k k 


